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of alkylbenzenes released to a shallow water table aquifer from a
pipeline spill of refined petroleum products. The contaminated area
was roughly circular with a diameter of 150 m. Thirteen monitoring
stations were located uniformly across the spill. At each station a
series of continuous cores was taken extending from clean material
above the spill, through the spill, to clean material below it. Then
monitoring wells were installed in the boreholes used to acquire the
cores.

The cores were extracted and analyzed for the content of BTEX
(benzene, toluene, ethylbenzene, xylenes) and total petroleum hydro-
carbons. Ground water was collected and analyzed for the same
parameters. Data from the 13 stations were subjected to geostatistical
analysis to estimate the total contaminant mass in the aquifer and the
total mass dissolved in the ground water (see Clark, 1979, for a de-
scription of geostatistics). Kennedy and Hutchins (1992) used pro-
prietary computer software to estimate the total mass of contami-
nants. SURFER, available from Golden Software, Denver, Colorado,
supports linear kriging of plan two-dimensional data following the
trapezoidal rule, Simpson's rule, and Simpson's 3/8 rule. Lacking
information on the structure of the data, Kennedy and Hutchins ran
all three simulations and took the numerical average.

Of 320 kg of benzene in the aquifer, only 22 kg was dissolved in
the ground water; of 8800 kg of BTEX compounds, only 82 kg was
dissolved; and of 390,000 kg of total petroleum hydrocarbons, only
115 kg was dissolved. Monitoring well data grossly underestimated
the extent of contamination. This research shows the need for site
characterization techniques that can accurately estimate the total mass
of contaminants subject to bioremediation.

Estimates of Total Contaminant Mass

Estimates of total contaminant mass in the subsurface are required
to predict the demand for nutrients and electron acceptor that must
be met to complete the remediation. If the total demand for nutrients
and electron acceptor has been estimated, the rate of supply of the
limiting requirement can be used to estimate the time required for
remediation.

The most rigorous approach involves the collection of cores from
the contaminated regions of the subsurface environment, followed by
extraction and analysis of the cores for the contaminants of concern.
A wireline piston sampler (Zapico et al, 1987) makes it possible to
collect representative continuous cores, even in noncohesive mate-
rial.